Traditionally, the spinal cord is isolated by laminectomy, i.e. by breaking open the spinal vertebrae one at a time. This is both time consuming and may result in damage to the spinal cord caused by the dissection process. Here, we show how the spinal cord can be extruded using hydraulic pressure. Handling time is significantly reduced to only a few minutes, likely decreasing protein damage. The low risk of damage to the spinal cord tissue improves subsequent immunohistochemical analysis. By performing hydraulic spinal cord extrusion instead of traditional laminectomy, the rodents can further be used for DRG isolation, thereby lowering the number of animals and allowing analysis across tissues from the same rodent. We demonstrate a consistent method to identify and isolate the DRGs according to their localization relative to the costae. It is, however, important to adjust this method to the particular animal used, as the number of spinal cord segments, both thoracic and lumbar, may vary according to animal type and strain. In addition, we illustrate further processing examples of the isolated tissues.
Introduction
The overall goal of this method is to isolate the spinal cord as well as to identify and isolate DRGs 1, 2 . Hydraulic extrusion of the spinal cord is a significantly faster method than the traditional way of spinal cord isolation by laminectomy, i.e. by breaking the spinal vertebrae one at a time, and this method reduces the risk of tissue damage caused by the dissection process 3, 4 . DRGs may be difficult to identify. Correct identification is highly important for tissue analysis, e.g. following sciatic nerve injury. By numbering the DRGs according to their localization relative to the costae, DRGs can be identified consistently.
Tissue isolated by the techniques demonstrated here can be applied to a broad range of analyses including Western blotting 5, 6 , qPCR 7 and immunohistochemical staining 8 .
When identifying DRGs, it is important to take into account that the number of spinal cord segments is known to vary with animal type and strain 9, 10, 11 . The advantages in performing this method in mice are the high number of genetically modified variants available and the relatively low housing expenses. The advantages in using rats are the relatively high tissue yield and if involving nerve injuries, the procedure will be eased with size.
Protocol
All animals were handled in full compliance with Danish and European regulations. Permission number: 2012-15-2934.
Preparation of the Syringe for Hydraulic Extrusion of the Spinal Cord
1. For an adult rat, use a 10 mL syringe. For an adult mouse, use a 5 mL syringe. For pups, use a 2.5 mL syringe. 2. Adjust a non-filter pipette tip universally suitable for 2-200 µL pipettes by trimming the large end of the pipette tip until it fits firmly to the syringe. Place the adjusted pipette tip on the syringe. For pups, use a 23 G or similar needle instead of an adjusted pipette tip. 3. Aspirate ice-cold sterile PBS and leave the syringe on ice until further use.
2. For adult rat/mouse, euthanize using gas such as CO 2 or isoflurane. These substances are harmful. Perform euthanasia in a fume hood and handle the substances according to institution guidelines. (CAUTION: CO 2 : H280, P410, P403; isoflurane: H361d, P260, P281, P280) 1. To ensure that the rodent is dead, ensure absence of reflex by pinching a paw with tweezers. Decapitate the rodent using large scissors. For pups, euthanize by decapitation. 
Isolation of the Spinal Column

Identification of Dorsal Root Ganglia (DRGs)
1. Split the spinal column in two equal longitudinal parts using scissors and place the split spinal column under the microscope. 2. Identify the T13 vertebra segment by locating the attachment site of the distal-most costae on the spinal column paying attention not to confuse the costae with the nearby intercostal nerves. The distal-most costae are attached to the proximal part of the T13 vertebra segment and the T13 DRG is located distally to vertebra T13 and proximally to vertebra L1. 1. Prepare dry ice powder by pulverizing dry ice cubes to an amount corresponding to two tablespoons of powder. Cover dry ice cubes in a cloth and pulverize the cubes using a hammer. Place silver foil (approximately 5 cm x 5 cm) on a layer of dry ice cubes and cover the silver foil with dry ice powder. 2. Place the spinal cord area selected for further analyses on the dry ice powder using tweezers, let it snap-freeze, and transfer the spinal cord to a cryo tube. Keep it on dry ice at all times or store it at -80 °C until further use. This allows for better tissue positioning. 6. Place the tissue in the desired orientation in the embedding mold. Fill the embedding mold with paraffin and cool immediately. 7. Place the paraffin-containing embedding mold at 4 °C overnight to let it harden completely and remove the paraffin block containing the tissue from the embedding mold. 8. Cut sections on a microtome in the desired thickness, e.g. 5 µm. 9. Perform staining according to standard protocols 8 .
Processing of Tissues for Further Analysis
Representative Results
Hydraulically extruded spinal cords display a smooth undamaged surface shown in Figure 1 . The lumbar enlargement can easily be identified as the thickened area of the spinal cord, boxed in Figure 1 . The dorsal and ventral sides of the spinal cord can be identified by eye according to the morphology. In Figure 1 , the ventral side is facing the viewer, identifiable by one clear midline along the entire spinal cord. Two broader lines along the spinal cord allow identification of the dorsal side. At the distal-most end, the cauda equina may sometimes remain attached in adult rats and adult mice.
Individual DRGs can only be identified while located in the spinal column, Figure 2. Following isolation, Figure 3 , the individual DRGs cannot be identified by appearance. If needed, it is therefore important to keep them clearly separated upon isolation. After isolation, the spinal cord and DRGs can be processed and stained as outlined in step 7.3 and represented in 
Discussion
If the spinal column is disturbed, e.g. by cervical dislocation, the spinal cord will split during extrusion. If the spinal cord cannot be extruded, the spinal column may be trimmed slightly at both ends and the extrusion attempt can be repeated. In case the entire spinal cord is needed for further analysis, i.e. consisting of the cervical enlargement as well as the lumbar enlargement, the spinal column should only be trimmed slightly. If only the lumbar enlargement is needed for further analysis, the spinal cord should be trimmed according to the present protocol. The spinal column should be straightened using the fingertips to ease extrusion.
The protocol is applicable to rodents of all ages and is here exemplified by an adult mouse (8 weeks), a mouse pup (5 days) and an adult rat (10 weeks). Depending on animal type and strain, the number of thoracic and lumbar sections may vary 9, 10, 11 . Depending on the proteins to be analyzed, adult rodents may be perfused with enzyme-inhibiting solutions prior to euthanasia. If performing an experiment involving one-sided nerve injury, the spinal cord can be split into ipsilateral and contralateral sides using ultra-fine tweezers immediately after extrusion. Further, each side can be split into dorsal and ventral sides. The tissue can then be processed for further analyses, e.g. Western blotting.
Transcardial perfusion-fixation with PFA prior to spinal cord extrusion should be avoided, as this renders the spinal cord non-flexible and prevents spinal cord hydraulic extrusion. Hydraulic spinal cord extrusion will tear off the dorsal roots. For experiments where attached dorsal roots are necessary, laminectomy is recommended. Furthermore, spinal meninges are lost by hydraulic extrusion, which can be avoided by standard laminectomy 3 
.
Hydraulic extrusion of the spinal cord and DRG isolation could also be performed using oxygenated artificial cerebrospinal fluid (ACSF) instead of ice-cold PBS. The use of ACSF allows preservation of the isolated tissue in a better physiological environment, which is particularly important in case of subsequent electrophysiological recordings 12, 13 . An alternative to ACSF could be PBS containing 1 g/L glucose for generation of primary DRG cultures 14 
Hydraulic extrusion of the spinal cord is a significantly faster method than the traditional way of spinal cord isolation by laminectomy, reducing tissue-handling time and therefore decreasing the risk of protein damage. Perfusion with a fixative prior to isolating the spinal cord by laminectomy may reduce the risk of tissue damage during dissection and during final removal of the spinal cord from the spinal column. However, tissue fixation precludes its applicability to analyses such as Western blotting. Hydraulic extrusion yields structurally undamaged tissue 3 suitable for a broader range of analyses.
Consistent identification of DRGs may be difficult. However, this is essential for tissue analysis, e.g. following sciatic nerve injury. By numbering the DRGs according to their localization relative to the costae, DRGs can be identified consistently. Staining of spinal cord tissue as well as of DRGs may be optimized by performing the illustrated tissue treatment variations outlined in protocol step 7.
